Recent work identified acetaldehyde oxime as the predominant product purged by inert gases from anaerobic in vivo nitrate reductase (NR) assays of soybean (Glycine max [L.] Meff.) leaves. Another recent study supported earlier research findings which identified the primary product evolved from soybean leaves as nitric oxide (NO). This paper provides evidence that eliminates acetaldehyde oxime and confirms that NO is the primary nitrogenous product purged from the in vivo NR assay system. A portion of the evidence is based on the high water solubility of acetaldehyde oxime. Other evidence presented is the failure by chemical and spectrophotometric means to detect oximes in gases emitted in the purging of the reaction medium or in the leaf tissues. The gaseous product from the in vivo NR assay system reacted identically to NO standards and did not resemble acetaldehyde oxime standards. It was concluded that the predominant N product within the leaves was nitrite and that the predominant gaseous N product evolved from the assay was NO.
nitrate and was dependent upon the formation of 'threshold' levels of nitrite, but a stoichiometric relation between NO, and nitrite was not found. Also, it was later shown that NO, evolution appears to be associated with the constitutive NR activity in young soybean leaves (8, 9) .
Mulvaney and Hageman (7), studying volatile nitrogenous products of the in vivo NR assay could not detect NO as a product but identified acetaldehyde oxime, a highly water soluble but volatile liquid, as the predominant N compound evolved from the in vivo NR assay medium. However, Dean and Harper (1) using gas chromatography and mass spectrometry recently identified NO as the dominant gaseous product purged from the in vivo NR assay.
The primary objective of this study was to examine further the ' differences in conclusions of Mulvaney and Hageman (7) and Dean and Harper (1) as to the identity of the predominant nitrogenous product formed and evolved as a gas from soybean leaf tissues under the in vivo NR assay system. Assays and Analyses. The basic in vivo NR assay system was conducted as described previously (3) except that n-propanol was not used. All samples were vacuum-infiltrated into leaves prior to testing. Gas purging of the system was always done with nitrogen.
MATERIALS AND METHODS
From 1 to 2 g of leaf discs (1 cm diameter) were vacuum infiltrated (750 mm Hg) in a solution (50 ml) of 50 mM KNO3 and 50 mm KH2PO4 adjusted to pH 7.5 with 3 N KOH. No surfactant was used. Leaf discs were vacuum infiltrated twice. The leaf discs were visibly wetted and did not float on the medium surface. The discs were transferred to a 250 ml gas washing bottle containing 150 ml of infiltration solution. The bottle and contents were placed in a water bath (33°C) and covered with a black cloth, and N2 was bubbled through the medium (200 ml/min). The exiting gas from the in vivo NR system was passed through a dichromate-H2SO4 solid oxidizer and then analyzed for NO2 in an Aeron NO2 analyzer as previously described (5) . In trapping procedures, small water traps (25 ml midget impingers) were inserted into the system before the oxidizing column (H2SO4-dichromate) as noted in the text and figures. Glass tubing was used for the gas flow system of NO, analysis except for several tygon tubing connections between traps, reaction vessel, and the oxidizing column. The ends of the glass tubes were butted together closely to expose as little tygon tubing to the system as possible. In experiments in which known gases were injected into the system, the tygon connections served as injection ports. It is estimated that the tygon tubing connections provided less than 1% of the total tubing surface area of the analysis system.
Acetaldehyde oxime was subjected to mild acidic hydrolysis (10) and determined as hydroxylamine by the 8-hydroxyquinoline method (6) . Nitrite content was determined as described previously (5) .
RESULTS AND DISCUSSION
In initial experiments, the in vivo NR assay system was tested to determine patterns of NOx evolution versus nitrite content of the assay. These experiments were repeated 15 to 20 times over a period of several weeks. The data presented in Figure 1 are typical of the results. After a 10-to 15-min lag, nitrite accumulated linearly in the medium, reaching 20 ,gmol nitrite g-' fresh weight in 2 h. NO,, evolution increased rapidly during the first 30 min and reached a steady state of emission of approximately 7 ,mol nitrite equivalents g-' fresh weight h-'. From h 1 to h 2, after NO,, emission had reached steady state, nitrite content of the medium increased 10 gmol, while 7 ,umol of nitrite equivalents were evolved as NO. (a total of 17 ,gmol of nitrite formation g-' fresh weight). This demonstrates a loss of more than 40% of the total nitrite formed if an inert gas is used in the assay to purge the gaseous product. These data again demonstrate that nitrite accumulation occurs during NO,, evolution. The rate of NO,, evolution, after a relatively low level of nitrite had accumulated in the total assay, no longer appeared to be closely related to nitrite content. Certainly, after 30 min of nitrite accumulation, nitrite content ofthe medium was not the limiting factor of NO,, evolution.
Water solubility ofthe gaseous product ofthe in vivo NR assay was first tested by installing a small water trap (a 25 ml midget impinger) between the emission source (in vivo NR assay) and the solid H2SO4-dichromate oxidizer. If the compound purged by the N2 from the in vivo NR assay was highly water soluble, it would be dissolved in the water trap and would not pass through the oxidizer and be converted to NO.. Data presented in Figure  2 illustrate that virtually 100% of the gaseous compound purged from the in vivo NR assay passed through the water trap and was registered as NO,, by the analyzer. The small negative deflection (Fig. 2) dissolved in water. This negative deflection was characteristic of each of these tests involving the gas from the in vivo NR assay medium.
Over several months of repeated testing, with and without water traps, 95 to 100% of the gas purged from the in vivo NR system assay passed through an unbuffered water or dilute phosphate buffered (0.01 M, pH 7.5) trap. The water traps, the in vivo NR assay medium, and the leaf discs were analyzed separately for oximes repeatedly throughout this research period and no oxime-type compound was ever detected. On the basis of these data, it was concluded that the gas formed and purged from the in vivo NR system was relatively insoluble in water and apparently was not altered by passing through water. These results agree closely with results from similar experiments by Dean and Harper (1).
In the next series of experiments, the in vivo NR assay system was replaced as a source of NOx. Instead, a known amount of acetaldehyde oxime was added to aqueous solutions (300 ,umol/ 150 ml). These solutions were purged with N2 at the rate of 400 ml/min. This relatively high level of acetaldehyde oxime was required so that sufficient quantities of the oxime could escape and be detected by NO. analysis.
When the experiment was conducted in this fashion, vapors of the oxime were purged from the aqueous source by N2, passed into the solid oxidizer column, and were oxidized to NO2 for detection by the analyzer. With such a source of N vapors, steady state NO,, detection of approximately 2 ,umol NO2 equivalents/ h could continue for hours (Fig. 3) . This illustrates that, without a water trap, no major factor interfered with the transfer, the oxidation, or the detection of oxime vapors.
When a midget impinger (25 ml water) was placed between the source of aqueous oxime and the oxidizer column, the rate of NO,, detected quickly dropped to zero (Fig. 3) . After the 25 ml water trap had been in place for 1 h with no evidence of the oxime passing through, the trap was removed. Immediately, NO,, was detected again, and the rate reached was the same as that before placement of the trap. This rate continued for several hours.
Chemical analysis (6, 10) ofthe solution in the water trap from Figure 3 Figure 3 and in the quantity of oxime trapped and recovered. The oxime content ofthe water traps as determined by chemical analysis (6, 10) yielded from 92 to 102% recovery as compared with oxime content as determined by NO1 analysis.
Results from this simple experiment (Fig. 3) illustrate that the vapors of acetaldehyde oxime do not easily leave an aqueous environment, even by purging the reaction vessel with 400 ml N2/min. Also, 300 ,umol of the oxime were required to provide a NO1 detection rate of 2 umol N02 equivalents/h. With the in vivo NR assay system as source of NO1, only 10 to 20 umol nitrite in the same volume were required to evolve NO1 at the rate of 7 ,umol NO2-equivalents/h. Chemical analysis of the in vivo NR assay medium did not reveal the presence of oxime compounds. The primary product of the in vivo NR assay was nitrite. Chemical analysis of the aqueous acetaldehyde oxime solution revealed that less than 1% ofthe oxime had been purged from the solution. The oxime that was purged from the solution, passed through the oxidizer, and was accurately detected by NO1 analysis.
In a different experiment, samples of in vivo NR 'gas', NO gas standards, and vapors of acetaldehyde oxime were compared. These samples (2-10 ml) were injected through the tygon tubing connections into a stream of N2 gas (300 ml/min) which carried the samples through the oxidizer and the NO1 analyzer. With this manner of introducing a limited volume, output of the samples appears as peaks with readings as millivolts (Fig. 4) instead ofsteady state emission patterns as shown in the previous figures.
In the case of each sample, the arrow marks the point of injection, while A marks the injection with a water trap (25 ml) in place before the oxidizer and B siguifies no trap. In the case ofthe collected in vivo NR gas, both peaks appeared to be nearly identical. This illustrates that the gas evolved from soybean leaf MINUTES   FIG. 4 . Peaks of NO, detected by the NO2 analyzer after injection of three different gas samples with and without water traps. The arrows note injection points. A denotes a water trap in the system; B denotes no water trap. Injection volumes and known quantities were 10 ml for the in vivo NR gas, 10 ml for the NO standard (19 nmol), and 2 ml for acetaldehyde oxime (25 nmol). The N2 flow rate was 300 ml/min. discs under anaerobic conditions is not very water soluble and passes through the water trap easily. The NO standard behaved similarly to the in vivo NR gas sample, with both peaks nearly the same height whether they passed through a water trap or not. Acetaldehyde oxime, when injected before the water trap failed to pass through the trap, as shown by the absence of a peak. The sample of acetaldehyde oxime vapor injected without a water trap appeared as a peak similar to those of the in vivo gas and the NO standard. The results presented in Figure 4 do not permit identification ofdifferent nitrogenous compounds by the amount of time required for oxidation and detection as in gas chromatography. However, with the simple use of water traps, it is shown that the in vivo NR gas and the NO gas behave similarly, while the vapors of acetaldehyde oxime have different solubility characteristics.
Again, noting the high solubility of acetaldehyde oxime in water and that large amounts ofthe oxime were needed to permit low levels of vapors to be purged from the solution into the oxidizer and NO. analyzer, attempts were made to duplicate the transfer ofa quantity ofacetaldehyde oxime similar to that shown by Mulvaney and Hageman (7). They reported that 48.6 gimol of acetaldehyde oxime was evolved and purged in 1 h from an in vivo NR assay (3 g leaf tissue/ 150 ml medium) and 20.1 Mmol remained in the tissue and reaction medium. For this experiment, a total of 68.7 (48.6 + 20.1) gmol acetaldehyde oxime was placed in 150 ml reaction mixture and purged by 250 ml of N2/ min. This system was connected to the solid oxidizer and NO. analyzer. In accordance with the data of Mulvaney and Hageman, at the end of 1 h, 48.6 ,umol should have been detected by the NO, analyzer, and 20.1 Mmol should have remained in the original solution. At the end of 1 h, a total of 0.87 ,umol was purged from the aqueous source. This quantity is less than 2% of the amount reported by Mulvaney and Hageman (7) but generally agrees with other data presented in this paper (Figs. 3  and 4 ). This experiment was repeated five times with similar small quantities transferred, which again demonstrates the high water solubility ofacetaldehyde oxime and its reluctance to leave an aqueous solution even by purging with an inert gas. During initial experiments, it was found that acetaldehyde oxime was quickly absorbed by tygon tubing while NO or the in vivo NR gas passed through freely (data not shown). For this reason, it is noted in "Materials and Methods" that the flow system was composed ofprimarily glass tubing with only several small tygon tubing connections.
